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ABSTRACT

>

Based an the Hanford’>@port of

UNCLASSIFIED

-=siaf
the peroxide precipitation, a study

made of the conditions which give the best results wb.enhydrogen per-

used as a reagent for recovery. It has been ehown that in nearly all

the conditions given in the Han/oralreport ara optimum. It has been

shown that peroxide precipitations oan bo made from pure plutonium solutions

and fkom solutions containing large amounts of other elmnents. ThQ amount of

plutonium left in the wapernatant, regardless of impu;itios present, i8 usually

less than 10 o~o of the amount originally present. Experiments have been ehown

that, under the conditions used for plutonium peroxide precipitations uranium

5.sthe only other element whioh will precipitate. It has been further shown that

separation oan be aohieved, even from this element, if the amount is of ths order

Id’5 to 10 0/0 or lesse Purification faotors have been determined for a series of

oi.pitations. These faotors range from approximately 50 to approximately 26,000. I
It has been shown that precipitates can be brought down from tri-nnd hexa.valent I
plutonium solutions whioh are identioal to those brought down from tetra-valent .

pJutonium solutions.
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h%perience has indiaated that de~omposition Of R202 by oertaj.n~loMents is ~

minor faotor if tho temperature is kept as low as possibla. A method ~8 been

given for dissolving plutonium peroxide in large amounts. This method overoomes

the usual foaming diffioultie~ encountered in dissolving the peroxide. The pos-

sibility of using the peroxide precipitation as a purification method is dis-

cussed. Questions are posed whioh must be answered before thi~ possibility can be

aooepted or rejeoteda
____
~------- --

—.. ..—
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HYDROGEN PEROXIDE AS A REAGEN’1Hi PLUTONIUM RECCiJ’3RY

Introduction

Since the inoeption of the “Plutonium Reoovery Groupw

.—a , &k—

WCLASSIFIED

in the early part

of 1944, it ha8 been neoessary to develop many chemioal methods for the separation

of impurity elements ~om plutonium .These.impurity elements have been suoh as to

almost completely oover the range of the periodio system, and henoe the method of

8eparationu8ed in any individual ease wae determined by the particular eleumnt or

elements present as impurities~ and also by the amounts of’ these elements present~

The general methods whioh have been developed and used by the rooovery group were

baeed on tho following chemioal aharnoteristios of plutonium; inability to form

ammonio=-oomplexas,non-amphotorio nature of’the tetravalent hydroxido, high sol.

ubility of the hexavalent nitrate in ethers and low volubility of oertain oompounds

in slightly aoid solutions. In essentially all eases the impurity element(s) had

one or more properties differing from these.

It is not the purpose of this report to discuss all the methods whioh

have been used by the recovery group, (this has been done in other reports,~) but

rather

u8e of

utions

beoome

to give a detailed description of the experimental work oarried out on the

hydrogen peroxide as a reagent for reoo%ery oi’ plutonium from various sol.

containing impurity elements~ and to give the result obtained therobyo

When the amount ofmateristl passing through the recovery group begxa to

quite large> and when such impurity elements as oorium, lanthanum thorium

and ziroonium began to be present as impurities in ever increasing amounts, itibe.

oame apparent that the standard methods whioh had been developed, and suocesefW3y

used up to that times would not be adequate for i’wther work on a large soaleo Re-

ports on the lknford process~”;indicatedthat the precipitation of tie peroxide of

--- nm.ti8f’ao+oryseparation From such elements 6M LiMAanumo
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This prooes8 was used as a basis for further experimentation%

Experimental

1. Test of Hanford Conditions

Aooording to tho report &f the Hanford Prooess, the best prcmipitation

of plutonium puroxide is aohieved when the solution is made up as followst

0.C%35M in plutonium
1.0 M in nitirio aoid
o.lM sulfurio aoid

To this solution is added enough 30

and to give an excess equivalent to

Ii202is added very slowly while the

perature of the solution during the

o/o H202 to completely precipitate the plutonium

10 o/o of the total volume of the solutioa. The

solution is being vigorously stirred. The tem-

addition of the HzO~ 5.sheld between 15° and 20° C.

when the H202 has been added, the temperature is reduced to 40 C and the mixture is

St this tenpmv.ture witinoutagitation for 9 to 10 hours. The supernatant may then

be removed by deoantation.

In order to test the oritioality

experiment was oarried out in whioh the

oi’the Hanford oonditioas~ a series of

above mentioned conditions were 8ystemat-

&oid ooncezkration is rather Ori%iOd. ~f

volubility of the plutonium perozida is

hydrolysis of the plutonium ion takes plaoe

ioally varied.

10 liitrioaoid ooncentzation

It was found *hat the nitrio ~

the molarity is muoh higher than one the

tOO high. If it in muoh lower than one,

and a precipitate of inferior oharacteristice is formed. It was aleo subsequcmtly

found that tha aoid oonoentration should be as high as possible to prevent other

impurity elements from praoipitating along with the plutoniwa.

2. $ulfurio aoid concentration.—

Sinco it was known that the peroxide precipitate broughtidown from a

.1solution containing sulfate ion always oarried as muoh as twenty por’?entsulf’ate~

~: _UA!!@AMJ.F.I_E_D——
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portiom ofwhioh oould be

the precipitationwithout

~- -:
~. -+_!~._!~LAJ3MltV--

removed by washi@~-a_pt VAS -do

the addition of sulfurio aoid. The pro-

oipitate formed in the absence of sulfate iorIwas non-orystnllino and therefore
●

unsuitable for the purpose of reoovery. In view of this, the sulfate concentrat-

ion for all further work was set at the value recommended by Hanford.

30 Plutonium conoontration

For general operations in the recovery of plutoni~ it is oft~ fiR-

possiblo to fix the oonoentration of the plutonium at a value near that used by

Hanford.

ford aoid

For this reason

oonoentrations~

a series of experirnentewas oarried out using the Han-

but varying the plutonium oonoentration e’~erm wide range.

The results of these experiments indioated that the plutoni~ oonoentration im not

too oritioal. However, two faotors must be balanoe.d; precipitation from oon-

oentrated plutonium solutions will give a smaller total loss in the supertsatant~

but precipitation from a more dilute solution will

impurities. The aotual concentrations used in the

dependent on the amount of impurity present in any

give a better separation of

reoovery operations have been

given solution.

4. Rate of addition of H207 and settling time after preaipifition

The naturo of the prooipitate formed by rapid addition of the H202

was suoh as to mdse rapid and oomplete settling impossible. For this rea80n the

stoohiometrio amount of H202 =8 added VerY sl~lYQ The rate of addition of the

exoess was found to be unimportant.

The nine-hour settling period suggested by the Hanford report ia un=

neoemary if the supernatint is to be separated from the preoipitito by either

filtration or centrifuguationO However, if the aupernatant is to be removed by

aeoantations the long settling period is necessary.

5. Effeot of temperature during and after precipitation

It iu possible to oarry out the preoipitition at a higher temperature

than that used atknford~ but the ~~lu*~onfiuEt he Ccoled to @PP~Ox~~te~Y ~“ ~
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during *ho settling period. With one exoaption. whioh will be disoussed later, it

is best to carry out the precipitation at a temperature of 16° to 20° C.

11. Peroent Reoovsry Using the Peroxide Precipitation

Using the conditions found to be best by the previously mentioned

experiments~ a 8eries of precipitations was made using pure plutonium nitrate

solution, and the amount of plutonium in tho supornatsnt was determined by

radioe8say. ‘fhoresult of the8e experiments are given in Table 1.

APPROVED FOR PUBLIC RELEASE
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TABLE I

Percent Reoovery - No Impurities Present

Pu Used Plutonium ill Peroent Pu in
milligrams Superuatant Precipitate

milligrams
6015 40 9904 0/0

7881 61 9902 0/0

4250 89 9709 0/0

5405 197 96.4 0/0

1850 47 97.6 0/0

.._
-—. ——— _ ——

.
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The same prooeduro was used on e series of plutonium solutions containing

various amounts of impurity elements. The results are given in Tritble110

TABLE II

Poroentage Reoovery .=Impurities Present

W Used
%

27

10I3

966

438

168

1018

1300

3024

3017

200

t@OO

3012

Plutonium
in %upernatent

%
1*7

7.0

27,0

4.0

22.3

29.1

6.0

88.6

9206

1800

66”4

20700

Peroent EM
in Preoipi*ato

93.7 0/0

99.3 0/0

97.2 0/0

99.1 0/0

87.0 0/0

97.2 0/0

99.5 0/0

97el 0/0

9?.0 0/0

9100 0/0

90.9 0/0

%3.1 0/0

Impurity
Present

Ce .@prox.
20 grams

La 3 0/0

/

CQ300
W300

Au 3 0[0
Ag 3 0/0
Ca 3 0/0
Fe Approx~
106 g .

Fe 50 0/0

Mg3 0/0
F’e3 0/0

3 gms~ Th

40 gm.

unknown

ihknown
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“11-w-111. Preoipitakim of Other ‘Iements by H2~-*hzC

Plutonium

In order to detemnine the possibility of precipitation of other

whioh oould oonoeivahly be present as +mpurities in solution for

the following series of experiments was oarried out. A sepa’ate SOl-

made up for caoh element to be tested. The oonuentration of the element

at 0.035 M, the HlJ03oonoentr.~tionat 1.0 M and the H2S04 oonoerxtration

Hydrogen peroxide was then added to eaoh of theee”solutions under the

.

elements~

recovery~

ution was

WAS fixed

at 0.1 .?40

same conditions of temperature,●gitation, ota,~ as WRS US* in the WASe of’the

plutonium solutiont3. There was no precipitate formed with the following elomentst

Ag, 21, Ca, Pb, Zno Cd, Cu, Ni, Co, Co, Yes Ass $b, Bi~ Zr, Th~ and Se. Urafium

precipitated as a yellomuperoxide under the above conditions. vanadium oaused

moderate decomposition of the peroxides but no Precipitate -s formed.

Ive Effectiveness of Peroxide fie~dpitation in Separat?:~~ impurities from
Plutonium

desoribed show that the majority of the possible

precipitated under conditions whioh allow plutonium

The experiments just

impurity elements will not be

to precipitate. However, they did not prove that absorption or oo-preoipi-tion would

not aause large amounts of impurity element6 to follow the plutonium when it was

precipitated. Nor did they prove that impurity elements would not prevent pre-

cipitation of plutonium The following oxperim~ts were oarried out in order to

● nswer tho6e west~onso

1. TO a solution of’plutonium nitrate oontainin~ detectable amounts of onlykg

and Ca (by “oopper spark” apeetrographiomethod) me added 5 o/o (by weight]

of -Oh of the following elementss %, 2r, Cd, Co, As, Bi, Iiis‘fl,Sb, Fe. Th,

M.g,Cas and U. The solution thus prepared oontained fourteon impubity elements

amounting tq 70 ofo of the weight of the plutonium present. The concentration

wis adjusted and the plutonium peroxide was preoipitited in the usual manner. f%o
. -.—
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supernatmnt liquid was removed and the precipitate was washed onoe=?Ith oold M HH~,

dissolved in nitrio aoid, and an aliquot analysed by the ‘oopper spark” apeotrographic

method. Of the fourteen impurity elements originally present only Ca ●nd Mg were de-

teuted. All other elements were present $n amounts below the deteotion level of the

analytical method used. In all oases this limit was below 0.6 o/o by weight. Table
54

111 shows the purification faotor for Mg and C&. ‘6......---

TABLE III

Element Amount with Pu before Amount with Pu After
precipi~tion ppm precipitation ppm

\

Ca 300; 000 <320

?*fg %0 000 < 160

Thus, the best purification faotor for the four~een elements present wae that of rnpprox.

invitely2000 for oalcium and the poorest possible was tk~-tof approximately 8 for zir-

Ooniumo

The result of the previously desoribed experiment proved &xgt the “oopper spark” speotrc

graphic teohnique was too insensitive to be u8ed in determining the varioue purification

faotors with any degree of aocuraoy. For this reason a seoond solution was prepared oon -

taining pure plutonium nitrate to whioh has been added 6 o/o by weight of’cash of?

thirtoon elements. The peroxide wes precipitated in the usual manner, centrifuged,

wa8hed onoe with oold lM Hl?C&and dissolved in oonoentrated

obtained was divided into aliquots and analyeed by the bat

thirteen impurity elements. The reeults are shown iu’1’able

TABLE XV

mo3 . The eolution thus

available met?~odfor the

q,

All Elements Present to Extent of 50,000 ppn before Prooipitatiom

lllement Rommining after Element Eemainirqgafter
Preoipitktion . P-

PP
Be 4,s Cd 135.0

& 40.0 Sn 68.0

Precipitation

), Purifioction f’aotor= oono. before

—
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Ca

Cr 45.0 Th -1000.0

Mn 140000 u 100.0

co l?.D. < 23.0 Zr — 2000.0

Ni 41.0

It am be seen that purification f’aotorsranga from 10,000 (for Be) to approximately

25 (for Zr) - this in spite of the fiot that the preoipitato was washed only onoe.

Tho result of the two prewioua experiments, inwhioh only one peroxide precipitation

was carried outs raised the question as to the effeoti~euoss of firther peroxidO Pre-

Gipitatiollso In order to answ~ this question a solution was prepared containing 5

grams of’plutonium as the tetravalent nitrate and 0.5 grams of eaoh of the following

elements? Al~ Crs tinD~ij and Ca. Ihe aoid and plutonium oonoentrationswore adju6ted

and the peroxide was preoipitatedo The prooipitate was waahed once with

.UN03,and dissolved in H.N030 A sample of the solution thus obtained was

analysis. The aoid and plutonium oonoentrations of the remainder of! the

ad@sted~ and again the peroxide waa prooipitated. The above disoribed

sol~ing, sampling and prcmipitating was then repeated until the peroxido

cold M!!

taken for

6olution were

washing dis-

had boon pro.

oipitated I?total of three tines. The analytical samples taken after eaok precipitation

were used for the best available methods for the

suits of this 8%ries of experiments are given in

Table V

five elements

Table V.

in question.

All Ehynents Present to Extent of 100,000 ppm before Precipitation

Elemetnts After Precipitation Noel After I%eoipil=tion No.2

Pw ppm

Al 30 12
Ca 446 X55
Cr 148 16

The re-

Mn
Iii
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It ean be seen that the purification faatora vary from approximately 2000 for

Ce to approximately 60~000 for Cr and Mn after three prooipitations.

v. Fiwmipitation of Plutonium Peroxldo from Solutions in Wish Plutonium is Present
in Tri=md Hexa-Valent States

10 Sn many ORSUB it is adviml!;s to diseolve the plutonium containing eubstanoe
I

iu HC1 rather than in HH~. this is @apeoially%ru@ in am of the metal and al~o$m

which do not dissolve readily~in Hl!J~,and in the c~se of oortain sulfide orucibles

containing plutonium. In the:’lattem case the sulfu~ liberated when these oruoibles

are”dissolved in HN@ makes f$mthor treatment difi:

oarried out in whioh metals OF alloys -S dissolvw

trivalent ohloride solution.~Tho oonoentration of

i
was thou adjusted to the pro@r value and E202 add

precipitate whioh fori,lsis bl@sh iu ‘oolor,but af

the oolor gr~dustllyohangos $ $jhonormal green. ‘
i

in the Oupernatant is e68ent h~~y the same
\

oipitation.
i

In aaveral oa~es &rium sulfide
i

containing as little aa 26 @of plutonium
6

bOikt~ Off H28.)

qr~lly better than

c
In these

r

8e6 the

90 o/o wh Ie there
u

in the precipitate. This is~%he only
!

i

arakim of small snmunte of ‘lutonium

from this preoipitativristil -oontain
i

as in t

oruoibl

wcme di

Umolmt of pl

VW3 essent’.i.

8atisfaotory

from largo a

8omo plutoni

I
devised for its separation f’om the large amounts

2. It hatsbeen found that p oxide precipitation

utions of the hexavalent nit ate provided oertain
●

All oondition8 me kept tho
b
me exoept that tho E

i
held at a temperature of 35° to 40°C rather than a

been added, the temperature s slowly lowered to C

Ilto Many experiments have hem

m HCI to give the purplish-blue

lid and plutonium in this solution

An the normal way. The first

r

3

t

an exoess Ii202 has been added~

amount of plutonium remaining

fron a normal peroxide pre-

weighing SO to 100 grams and

c)lvedin HGl and peroxided (after

OlliUlil in the precipitate -8 gen-

yno oerium (approximately 200 ppm)

ethod that has been found for sep.

unts of oerium. Tho supernatants

, and no feasable method has boon

oerium present.

n be made to take plaoe from Bol-

difia~tions of prooedura are used.

~ is added to a solution whioh is

15’3to 200C0 After the H202 has

tO ~“c u~d the mix~re is ~e~d
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.

at this temperature for sQveral hours. By following ---Yd:lltthis prooedure the hexa

plutonium is reduoed and a precipitation is realized whioh is similar in every

respeot to that from tetrawlent solution.

VI. Deooq?osition of HZOP~Impurities

Muoh has boon written akout the tendenoy of oertain elements~ suoh as

irons to oauso decaposition M H202. ‘his oould greatly deorease the value of the

as to oauso no trouble.

“peroxideprmipitate. Howev@r, experienoo ha8 shown that if the solutions are kept

0001 (around O°C) thitvdeoompo6ition effeot i6 GO small

VII. Dissolving Plutonium Peroxide

‘l’he~?iS801utionof plutonium peroxide i8 a

out very aare~lly if any approoiable amount8 ere to be

The peroxide ia completely soluble in HNQ,

and 16 normal. However, cold 161iHIU~ will not immediately begin to dissolve a

perozide oake, but onoe the mixture has beoom hated~ the r=~tion of solutiOn

beoomes very rapid and vigorous, I.argeamounts of gas are evolved during the @s-

solving process, &nd the solution foams badly. The following prooedure is recommended

I for dissolving peroxide cakess

lo Have oake in a very large

oonaenser.

2. Cool ve8sel and cake well

proooss whioh must be carried

put into solution at one time.

of a oonoentration bstwoen 5

vessels preferably one whioh ia oontaectedto a reflux

below 20°C

HN~ neoessuy to di6801V0 the peroxide.

-“ The mixture should be 8tirre&

3. Allow the vessel and its 00dX3T3t8 ‘to

in en iciebath. and add the amount Gf 161W

This addition 8hould be owried out very

be brou@t to a temperature of no more than

400(-& This temperature increase shouM take plaoe~ slowly and provision should be

made for immediate oooling of the vessel if Tigorous foaming begins.

4. Hold at this temperature until solution is oomplete. The green peroxade will at

first 8evnalmo8t unchan&d~ but gradually ● purple solution will be seen shove the

I preoipitateo There is a sli#rt evolution of gas during this 8tage of the operation.
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As the tanperaturo inareas+x+a poink is reaohed at whiah the blue soSiat~ly

turns brown and brown ,fumes(N02) are liberated. At this point the entire solution

f’oams Up tmmra~ times~ -ch ti~~ Win’:’.deer-six intensity men foami~ ‘msos ‘e

peroxide is completely dissolved.

,-
-
--—-- .——~

-1
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QNCLUSIOIJAhl) DISCUSSIW

The 0Vid0X106gathered during the oourse Of this investigation indioates

that hydrogen peroxide is a superior reagent for use in the recovery of plutonium. The

preoipitati.onof pluton.iumperoxide has been showu to be one of the best, if not the

beet, methods availablo for tho reoovery of plutonium from almost all impurity olomeuts.

Under the oondi%ione given herein, the precipitation of tho peroxida is fllmo8ta speoifio

roaotion for plutonium - of all of the elements tctsted~uranium alone gave a precipitate

under similar oonditions~ and even in the ease of urantum~ very good seprationa were .

realized when ‘thetelement was present to the extent of no more than S to 10 0/00

Aside from the faot that exoellent separation is realised by

hydrogen peroxide, the method has the added advantage that no salts have

during the prouess, and hence the supernatants from the preoipitakion is

the use of

been added

in a muoh moro

workable form then those obtained from other methods of’reuoveryo Naturally there is

a limit to how far the concentration of plutonium c“anbe reduoed in a peroxided super. ‘

nacant beoause of the build-up of impurities in this solution. This, however, is true
,.

in all methods of reoovery, and the peroxide method

any other method.

Preliminary experiments would seem to

offers less difficulty

indioate that a series

from thi.~than

. .

of peroxtde

precipitations might be used as a purification method, ~owever, expsrime@Q~ data

are muuh too meager at this time to give more than a hint as to the posslbl’li%ieuof

this method. Before my definite ~onolusions oan be drawn the following questions

must.be answeredc

10 What purity limits oan be reaohod by repeated preoipitationet

2, How many precipitations are neoeesary?

x How do purity limit8 oampare with those obtained by other purification methodeq~

● -- -= t~oae~f other metho,ds~are they sufi’ioiently
—-_ -- -
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So Will the presence ok the inevitibla sulfite io~
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